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1-0  FORWARD- 

This  report  covers  the  objectives,  history  and  develop- 
ment of  a Ka-Band  Local  Oscillator  and  a Ka-Band  Transmitter 
Exciter,,  as  described  in  the  Statement  of  Work  and  Specifica- 
tions, RFP  No.  N0014— TS— R-0017.  RDL,  Inc.  submitted  a 
technical  proposal  in  response  to  the  above  RFP  on  Decern- 
.ber  15,  1972. 

Contract  No.  N00014-73-C-0394  was  subsequently  awarded 
to  RDL  on  March  19,  1973  and  the  specifications  were  sub- 
sequently revised  per  Attachment  Number  1,  Dated  Sept- 
ember 14,  1973. ^ Three  hardware  items  were  developed,  tested 
and  delivered : 


Line 

Item 


)uantit\ 


Model  No . 


M06K161 


M01K161 


M01K162 


Item 

Ka-Band  Varactor  Multi- 
plier Chain,  Transmitter 
Exciter 

- ~u> 

Ka-Band  Varactor  Multi- 
plier Chain,  Local 
Oscillator, 

Ka-Band  Varactor  Multi- 
plier Chain,  Local 
Oscillator 
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2.0  Ka-BAND  VARACTOR  MULTIPLIER  CHAIN,  LOCAL  OSCILLATOR 
RDL  MODEL  NO.  M01K161 


2.1  OBJECTIVES 

The  local  oscillator  is  a solid-state,  state-of-the-art, 
varactor  multiplier  chain,  providing  a high  spectral  purity 
output  in  Ka-Band.  The  local  oscillator  was  designed  with 
the  objective  of  meeting  or  exceeding  the  specifications 
contained  in  RFP  No.  N00014-73-R-9917,  Paragraph  4.2  (sub- 
sequently revised  per  Contract  No.  N00014-73-C-0394 , Attach- 
ment No.  1,  revised  September  14,  1973).  The  provisions  of 
MUr-E-16400  (Navy)  were  used  as  a general  guide  for  design  and 
fabrication  wherever  possible. 


2.2  HISTORY 

This  unit  has  three  highly  stringent  requirements:  small 
size,  low  F.M.  noise,  and  low  spurious  and  harmonic  outputs. 

Xn  discussing  these  three  criteria,  it  is  shown  that  no  practical 
approach  will  fully  meet  the  electrical  requirements  of  the  local 
oscillator.  Therefore,  four  methods  of  developing  a clean 
signal  were  considered,  showing  the  merits  and  downfalls  of 
each*  and  which  method  would  most  closely  meet  the  requirements 
of  RFP  No.  N00014-73-R-0017.  These  methods  and  subsequent 
development  are  summarized  again  in  this  report. 


The  noise  requirements  for  the  L.O.  are  described  by 


paragraph  4. 2. 1.5  of  the  RFP.  The  A.M.  and  F.M.  single 


sideband-to-noise  ratio  are  of  .particular  interest  in  the  band 


20.0  Hz  to  10.0  MHz  removed  from  the  carrier.  Regardless  of 


•the  scheme  of  frequency  multiplication  or  processing,  some 


general  statements  may  be  made  about  the  effect  of  multipli- 


cation upon  both  A.M.  and  F.M.  noise  close  to  the  carrier. 


In  the  case  of  F.M.  single  sideband  noise,  the  noise  is 


degraded  by  20  x log  (N)  where  N is  the  frequency  multiplica- 


tion factor.  This  is  a limitation  derived  from  modulation 


theory.  In  the  case  of  A.M.  noise,  disregarding  A.M.  to  P.M. 


conversion,  the  A.M.  single  sideband  noise  after  multiplication 


will  be  less  than  or  equal  to  the  noise  at  the  input  relative 


to  the  carrier.  This  is  due  to  either  specific  A.M.  limiting 


schemes  or  the  normal  degree  of  A.M.  limiting  in  most  multipliers 


and  frequency  dividers.  If  the  multiplier  were  perfectly  linear. 


and  the  A.M.  noise  at  the  output  would  be  the  same  as  the  input 


(relative  to  the  carrier) . Since  the  A.M.  noise  is  not  a 


problem,  the  remainder  of  this  discussion  will  concentrate  on 


techniques  for  minimizing  F.M.  noise  and  spurious. 


I 
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There  are  two  basic  limitations  which  were  considered. 


The  first  is  the  F.M.  noise  from  a 5.0  MHz  atomic  standard , 
such  as  the  HP  5061A,  the  inteftded  system  frequency  standard. 
Figure  1A  shows  this  characteristic  at  5.0  MHz  and  multiplied 
by  7488  to  the  37.44  GHz  output  frequency  (this  is  the  center 
of  the  Ii.O.  frequency  bands  finally  chosen)  . Since  20  log 
7488  = 77.5  db  degradation,  it  is  shown  that  curve  does  not 
cross  the  -60  dB  F.M.  noise  specification  line  until  700  Hz 
from  the  carrier.  When  this  reference  is  followed  by  a high 
Q crystal  filter,  (Figure  1A)  and  then  multiplied,  it  shows 
that  the  F.M.  specification  is  met  at  about  150  Hz  from  the 
carrier.  This  curve,  showing  the  reference,  and  the  crystal 
filter  is  the  best  noise  close  to  carrier  that  can  be  realized, 
regardless  of  the  processing  system  used. 

The  second  basic  limitation  is  obtaining  frequency 
agility.  Figure  IB  shows  an  HP5061A  reference  multiplied  to 
117  MHz  through  a Fluke  6160A  synthesizer.  The  6160A  adds 
some  residual  noise  to  the  reference.  When  this  combination 
is  multiplied  to  37.44  GHz,  it  is  worse  than  having  only  the 
5.0  ffiz  reference  multiplied  to  37.44  GHz. 
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From  these  two  points,  the  following  conclusions  were 

4 

• drawn:  the  atomic  standard  is  the  limiting  factor  for  F.M. 

noise  close  to  the  carrier,  the  atomic  standard  can  be  im- 

% 

proved  by  the  addition  of  a crystal  filter,  and  some  additional 

noise  must  be  added  to  obtain  frequency  agility. 

In  the  four  approaches  presented,  comparison  noise  data 

# 

were  shown  (Figure  6)  assuming  the  atomic  standard  was  processed 
through  a crystal  filter.  In  all  methods,  the  final  multiplier 
was  consolidated  as  a X80  block. 

The  first  Method  No.  1,  shown  in  Figure  2,  is  the  most 
("  straightforward  method.  The  advantages  of  Method  1 are  that 

it  is  cheap,  very  simple,  and  that  it  offers  frequency  agility 
(i.e.,  the  Fluke  6160A  may  be  tuned  116.75  to  117.25  MHz  for 
outputs  of  37.36  to  37.52  GHz).  There  are  two  problem  areas: 
spurious  and  harmonics  related  to  the  imput  frequency,  and  other 
spurious  present  at  the  input  generated  by  the  Fluke  6160A.  Of 
particular  interest  are  the  frequency  bands  of  36.80  to  37.00  GHz 
and  37.90  to  38.10  GHz  as  shown  in  paragraph  4.2. 1.4.  The 
spurious  and  harmonics  in  these  bands  should  be  <-100  dB. 
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It  was  known  from  technical  inquiry  of  NRL  that  there 

0 

were  actually  only  three  L.O.  frequencies  of  interests 
37.38,  37.44,  and  37.50  GHz  corresponding  to  receiver 
frequencies  of  36.84,  36.90,  37.98  and  38.08  GHz.  After 
the  contract  was  awarded,  the  requirement  was  changed  to  two 

discrete  frequencies:  36.06  and  36.12  GHz.  For  simplicity, 

0 

we  discussed  the  problems  related  to  these  frequencies  only. 
Various  proposed  input  frequencies  and  their,  related  spurious 
in  the  —100  db  forbidden  bands  are  summarized  in  Table  1. 

In  the  first  example  (Method  1) , these  correspond  to  input 
( frequencies  of  116.8125,  117.0000  and  117.1875  GHz.  We  can 

see  that  there  are  from  three  to  four  spurious  in  these  bands 
from  the  input  frequency  only.  Through  judicious  filtering 
techniques  in  the  multipliers,  the  spurs  would  be  <-60  dB,  but 
obtaining  —100  c3B  from  microwave  filters  is  extremely  difficult. 
However,  none  of  these  spurs  is  closer  than  45.00  MHz  from  the 
related  receiver  frequency.  Since  the  receiver  bandwidth  will 
be  a maximum  of  -1  MHz,  these  spurs,  although  not  technically 
■meeting  the  specifications,  would  not  present  a problem. 


A greater  fault  of  Method  1,  however,  is  the  treatment 
of  other  spurious  not  related  to  the  input  generated  by 
the  Fluke  6160A.  The  frequencies  and  levels  of  these  spurs 
are  virtually  unpredictable  and  may  be  very  close  to  the 
carrier,  although  they  would  be  <^-80  db.  The  input  to  the 
X4  multiplier  of  Figure  2 cannot  be  made  extremely  narrow 
and  therefore  it  was  assumed  that  these  close  in  F.M.  spurs 
would  be  enhanced  by  20  x log  320  = 50.1  dB  (worst  case), 
just  as  the  close  in  F.M.  noise.  There  would  be  an  unpre- 
dictable multitude  of  spurious  near  the  output  frequency  and 
near  the  abovementioned  spurious  that  fall  inside  the  forbidden 
—100  dB  bands.  Therefore,  Method  1 would  not  meet  any  of  the 
provisions  of  paragraph  4. 2. 1.4. 

Some  improvement  could  be  made  upon  Method  1 by  going 
to  Method  2 shown  in  Figure  3.  This  utilizes  the  same  scheme 
as  Method  1,  except  that  a "clean-up"  phase  locked  VCXO  is 


used  at  the  multiplier  input.  A VCXO  at  117  MHz  is  phase 
locked  to  the  Fluke  6160A  at  117  MHz.  Since  the  VCXO  is  itself 
very  stable,  a low  loop  gain  and  a very  narrow  loop  bandwidth 


^ k. 


' 


r 

outside  the  loop  bandwidth.  It  was  estimated  that  the  117  MHz 

* 

‘ VCXO  would  have  greater  spectral  purity  than  the  reference 
200  Hz  and  greater  from  the  carrier.  Closer  than  200  Hz  from 

« 

the  carrier,  the  20  x log  N rule  applies,  and  the  spectrum 
would  look  like  the  reference  multiplied  to  the  output  frequency 
Three  to  four  spurs  of  the  input  still  occur  in  the  -100  dB 

i 

bands,  but  as  previously  noted,  axe  never  closer  than  45.00  MHz 

■'  from  the  receive  frequency.  The  only  advantage,  therefore,  of 

| . 

Method  2 is  that  it  eliminates  a lot  of  "clutter"  from  about 
500  Hz  and  out  from  the  carrier.  Spurious  occurring  from  the 
( 6160A  still  remain  from  500  Hz  into  the  carrier.  Method  2 is 

more  costly  than  Method  1 because  frequency  agility  of  the 
source  has  been  lost.  A different  VCXO  must  be  employed  for 
each  desired  output  frequency. 

Some  of  the  advantages  of  Method  1 and  2 could  be  obtained 
by  Method  3,  as  shown  in  Figure  4.  This  employs  a 468  MHz 
♦ VCO  phase-locked  to  the  Fluke  616A  synthesizer.  The  advantage 

I 

I 

of  this  scheme  is  that  it  offers  complete  frequency  mobility 
as  with  Method  1 and  it  attenuates  the  117  MHz  spurious  at 
the  output.  As  listed  in  Table  1,  the  number  of  possible  spurs 
in  the  forbidden  —100  dB  bands  has  been  reduced  to  only  1 or  2, 

V.  ‘ depending  on  the  L.O.  frequency.  Ihese  spurious  would  never 

be  closer  than  72.00  MHz  from  the  receive  frequency  which  is 


J. 


C 

better  than  the  45.00  MHz  obtained  in  the  other  schemes. 

' However,  the  loop  bandwidth  required  for  this  VCO  Is  much 
greater  than  for  the  VCXO  of  Figure  3 and  would  provide  very 
little,  if  any,  improvement  in  the  noise  and  spurs  generated 
by  the  Fluke  6160A  in  the  region  20  Hz  to  1 MHz  from  the 
carrier. 

Through  technical  discussion  with  Fluke,  it  was  learned 
that  in  order  to  predict  the  spurs  from  the  Fluke  6160A, 
the  exact  frequency  must  be  pinpointed.  It  had  become  obvious 
that  the  selection  of  the  input  frequency,  and  thus  the  multi- 
plication scheme,  is  critical.  It  is  known  that  spurs  generated 
by  the  last  digit  that  is  dialed  on  the  Fluke  6160A  (i.e.,if 
the  1 MHz  position  is  used,  1 MHz  spurs  will  occur  around 
the  output  frequency.  Likewise,  if  the  1 KHz  position  is  re- 
quired, 1 KHz  spurs  will  occur  around  the  output  frequency) . 

In  the  three  methods  proposed  thus  far,  the  input  frequencies 
would  be  116.81250,  117.00000  and  117.18750  MHz.  The  last  digit 
required  is  in  the  100  Hz  digit.  Therefore,  100  Hz  spurs  would 
occur  surrounding  the  carriar,  except  in  the  117.00000  MHz  case 
which  would  be  1 MHz.  The  three  schemes  proposed  thur  far 
would  provide  virtually  no  reduction  of  the  100  Hz,  200  Hz,  etc. 
spurious.  It  became  evident  that  117  MHz  was  not  the  best  choice 
for  the  input  frequency  to  the  multiplier. 
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A X3  multiplier  could  be  used  preceding  the  X80,  in. 
which  case  the  required  input  frequencies  would  be  155.75, 

j 

156.00  and  156.25  MHz,  as  shown  in  Table  1.  We  could  sett 
that  the  closest  spurious  from  the  6160A  would  be  at  10  ww* 
from  the  carrier,  which  has  a big  improvement  over  1 00  tt*- 
Examining  Method  1 used  as  a X3,  however,  revealed  that-  no 
correction  of  10  KHz  spurs  could  be  obtained.  Method  2.  r-mjei 
not  be  used  either,  because  a fundamental  VCXO  is  nm-oaTinf^^ 
at  156  MHz . Method  3 showed  some  improvement  with  tho  new- 
input  frequencies,  however,  the  required  loop  bandwith,  using 
the  VCO  had  to  be  wide  enough  so  that  very  little  improvement 
in  the  10  KHz  spurs  would  be  made. 

It  became  obvious,  then,  that  a fresh  approach  was  required, 
to  obtain  acceptable  spur  levels.  A simplified  diagram  of 
this  fourth  method  is  shown  in  Figure  5.  From  Table  lr  it  wti 
be  seen  that  at  468  MHz,  the  minimum  frequency  increment  is 
250  KHz.  If  the  468  MHz  applied  to  a divide  by  15  circuit, 
frequencies  of  31.15,  31.70  and  31.25  MHz  will  occur  with  a 
minimum  frequency  increment  of  50  KHz.  RDL  had  already  developed 
digital  countdown  techniques  which  enable  division  by  any 
integer  from  frequencies  well  over  500  MHz.  Also  very  stable 
VCXO ' s are  available  in  the  31  MHz  region. 
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Referring  to  Figure  5,  then,  we  proposed  that  Fluke 
6160A  be  eliminated  entirely  and  the  HP5061A,  5 creel  nm 

beam  standard  be  utilized  directly  as  a reference  signal.  ' ■ 

' ■ * 

The  5 MHz  reference  would  be , followed  directly  by  the  crystal 
filter  shown  in  Figure  IB.  > 

The  crystal  filter  shown  is  a practical  unit  t±.at  is  , 

somewhat  reasonable  in  cost.  More  exotic  filters  available 
which  can  filter  the  atomic  standard  to  nearly  —150  dB/Ez  signal— 

i ■ 

' • i 

to-noise  ratio  at  100  Hz  from  the  carrier..  With  this  type  of 
filter,  the  noise  specification  could  be  met  at  approximately 
50  Hz  to  75  Hz  from  the  carrier . Th«»se  filters  are  many 
more  expensive  than  the  unit  proposed. 

In  Method  4,  the  filtered  5.0  MHz  signal  and  the  31  MHz 
VCXO  are  divided  to  50  KHz,  the  smallest  increment  needed.  The 
signals  are  compared  and  the  31  MHz  VCXO  is  phase  locked,  using 
a very  narrow  loop  which  attenuates  the  50  KHz  from  the  31  MHz 
signal.  The  loop  also  contains  a 50  KHz  notch  filter  for  addi- 
tional attenuation.  Three  VCXO*s  were  proposed;  31.150  MHz. 
31.200  MHz,  and  31.250  MHz.  (These  were  later  reduced  to  two  f. 
and  changed  to  30.05  and  30.10  MHz.)  Frequency  selection  is- 
done  by  a manual  rotary  switch  at  the  oscillator  unit..  The  FJM. 
noise,  at  this  point,  looks  like  the  reference  multiplied  to 


■s  -r  .“V'  - 


31  MHz  ont  -to  about  400  Hz  from  the  carrier.  Farther  away, 

-the  signal  takes  on  the  VCXO  characteristic. 

Thus,  we  have  a 31.20  VMz  reference  with  50  KHz  spurs 
<—130  dB  relative  to  the  carrier.  !Ehis  reference  is  used  to 
phase  lock  a 466  MHz  VCO.  Since  the  31.20  MHz  reference  is 
very  large  compared  to  the  second  phase  lock  loop  bandwidth, 

i - 

±he  level  of  31.20  MHz  spurs  near  468  MHz  would  be  down 
<-140  dB. 

The  frequency  spectrum  now  consists  of  the  468  MHz  output 
with  50  KHz  spurs  <-106  dB  and  31.20  MHz  spurs  <-140  dB.  This 
spectrum  is  then  multiplied  X80  to  the  output.  The  50  KHz  spurs 
would  be  enhanced  by  20  x log  80  = 38.1  dB  (worst  case)  becoming 
<—68  dB  relative  to  the  output.  The  31.20  MHz  spurs  would  l>e 
attenuated  significantly  by  the  filtering  of  the  multiplier 
stages.  In  -the  worst  case,  these  will  be  enhanced  by  38.1  dB 
to  be  <-102  dB  and  will  never  occur  within  1 MHz  of  the  receiver 
frequency. 

®ie  final  output  frequency  spectrum  consists  of  the 
carrier;  50  KHz  spurs  <-68  dB  down  from  the  carrier;  two  spurs 
of  the  468  MHz  in  the  -100  dB  bands,  <-60  dB  down,  and  >72  MHz 
from  the  receiver  frequency  and  spurious  of  31.20  MHz,  <-102  dB 
down,  and  never  closer  than  8.75  MHz  from  the  receiver  frequency. 
The  final  expected  composite  F.M.  noise  spectrum  is  shown  in 
figure  6. 
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Method  4 was  considered  clearly  the  superior  to  Matbodm 
1,  2 and  3.  It  requires  three  VCXO's  and  an  additional  [frimr 
lock  loop,  however,  this  expense  was  weighted  against  the  cost 
of  the  synthesizer  used  in  thfe  other  three  schemes. 

The  local  oscillator  has  unusual  mechanical  constraints 
due  to  stringent  size  requirements  and  as  a result  was  sub- 
divided into  several  separate  stages.  A possible  separation 
into  three  stages  was  shown  in  Figure  1 of  the  RFP.  Through, 
technical  inquiry  with  NRL,  it  was  known  that  Stage  1 could  be 
further  subdivided  into  two  sections  to  minimize  the  drastic 
effects  of  the  cable  loss.  This  subdivision  is  shown  in 
Figure  7 of  the  proposal. 

Figure  8 shows  the  proposed  local  oscillator  (Method  4) 
expanded  and  subdivided  according  to  Figure  7.  Stage  1, 

Section  1,  contains  three  switchable,  phase  locked  31  MHz  VCXO's 


and  the  468  MHz  phase  locked  VCO.  Stage  1,  Section  2 Is  separated 
by  a cable  with  approximately  10.5  dB  of  loss.  200  mW  at  the 
input  of  Section  2 is  amplified  to  40  W at  468  MHz.  This  stage 
would  require  heat-sinking  for  30  to  35  watts  of  dissipation. 

The  40  watt  signal  is  attenuated  to  approximately  9 W by  a 
length  of  cable  having  6.5  dB  of  loss.  These  power  levels  were 


later  revised,  since  the  actual  cable  losses  were  smaller  than 


those  assumed  in  the  proposal.  Stage  2 is  a X10  multiplier 
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and  isolator  generating  900  mW  at  468  GHz.  Stage  2 is 
.followed  by  approximately  1 dB  of  cable  loss  and  a X8 
multiplier  (Stage  3) . The  design  of  Stage  3 is  extremely 
difficult  due  to  the  stringent  mechanical  requirements 
shown  in  the  RET. 

.2-3  DEVELOPMENT 

The  final  block  diagram  of  the  first  local  oscillator 
is  shown  in  Figure  17 . Although  numerous  changes  took  place 
on  the  design  of  the  individual  blocks  during  the  development 
of  the  first  L.O.,  the  final  block  diagram  is  virtually  iden- 
tical to  the  block  diagram  proposed  and  shown  in  Figure  8 
of  this  report. 

Many  of  the  changes  were  mechanical.  The  RFP  called  for 
three  stages:  the  first  stage  to  be  100  cubic  inches  in 
volume  maximum,  followed  by  70  feet  of  cable  with  20  dB  of 
loss;  the  second  stage  to  be  5 cubic  inches  in  volume  maximum, 
followed  by  2 feet  of  cable" with  2 dB  of  loss;  the  third  stage 
to  be  3 cubic  inches  in  volume  maximum  with  no  single  dimension 
to  be  greater  than  2.5  inches. 

As  proposed,  the  first  stage  was  separated  into  Stage  1, 
Section  1 and  Stage  1,  Section  2.  This  was  done  to  minimize 
'tiie  effects  of  the  huge  cable  loss.  The  final  cable  losses 


'eased  the  design  of  the  transistor  power  amplifiers. 

Sections  1 and  2 of  Stage  1 were  separated  by  a 7.3  dB  final 
cable  loss.  Stages  1 and  2 were  separated  by  a 4 dB  final 
cable  loss  and  Stages  2 and  3 were  separated  by  a 1 dB  cable 
loss. 

During  the  contract,  it  was  agreed  that  Stage  1,  Section  2, 

« 

Stage  2,  and  Stage  3 must  be  supplied  in  final  mechanical 
configuration  but  that  Stage  1,  Section  1 would  be  supplied 
in  a standard  instrument  cabinet  to  facilitate  delivery. 

The  designs  of  Stages  2 and  3 were  modified  to  conform  exactly 
to  the  available  space  in  the  pedestal.  This  necessitated  the 
separation  of  the  X4  and  X2  multipliers,  in  Stage  3,  by  a cable 
■with  approximately  1 dB  of  loss.  The  mechanical  constraints  on 
Sections  2 and  3 were  some  of  the  largest  problems  affecting 
their  designs . . 

After  the  contract  award,  the  government  requested  that 
the  number  of  frequencies  be  changed  to  two  and  that  the 
frequencies  be  changed  to  36.06  and  36.12  GHz.  As  a result, 
two  VCXO’s  were  required:  one  at  30.05  MHz  and  one  at  30.01  MHz. 
The  final  frequencies  and  power  levels  are  shown  in  Figure  17 . 
The  design  of  these  switchable  phase- locked  VCXO's  is  essentially 
identical  to  that  proposed.  Both  the  5 MHz  reference  and  the 


VCXO's  are  divided  and  phase  compared  at  the  same  frequency 
* of  50  KHz.  However,  this  section  went  through  several  generations 
of  development  to  optimize  the  amplifier  gain  and  loop  bandwidth 
for  automatic  lock,  stability,  spurious  and  noise  performance. 

!Uie  next  block,  the  phase  locked  VCO  at  450  MHz,  is  also 
essentially  identical  to  the  block  diagram  proposed.  However, 
several  design  approaches  were  tried  and  several  generations 
of  development  were  required  on  the  final  design.  Originally, 

•the  VCO  was  to  be  divided  by  15,  phase  locked  to  the  VCXO  which 
was  to  be  divided  -to  the  50  KHz  reference,  phase  compared  and 
locked  by  an  outside  loop  to  the  VCO.  Difficulty  was  encountered 
in  optimizing  the  bandwidths  of  the  two  loops  which  interacted 
and  •thus  caused  problems  with  stability  and  noise.  The  final 
design  treated  the  VCXO  and  the  VCO  as  two  independent  phase  lock 
loops.  The  phase  locked  VCXO  is  multiplied  via  a comb  generator 
and  phase  compared  at  the  output  in  the  conventional  way.  The 
VCXO  has  very  high  gain  and  narrow  loop  bandwidth  whereas  the 
VCO  has  wider  loop  bandwidth  and  less  gain.  These  loops  are  now 
quite  independent.  Again,  several  generations  of  development 
were  required  to  optimize  gain  and  bandwidth  for  automatic  lock. 


stability,  spurious  and  noise  performance. 
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With  the  separation  of  Stage  1,  Sections  1 and  2 and  the 
reduced  cable  losses,  the  development  of  the  two  power 
amplifiers  became  straight  forward,  using  readily  available 
power  transisters.  No  hybrid  combining  was  required.  Refer 
to  Figure  17  for  power  levels  and  frequencies. 

The  times  ten  multiplier  in  Stage  2 of  the  I».0.  was 
developed  as  proposed.  The  final  configuration  is  only  slightly 
different  from  that  shown  in  Figure  2 of  the  amendment  to 
proposal.  It  became  necessary  to  provide  right  angle  connectors 
at  both  the  input  and  output  of  the  multiplier  and  to  mount 
the  circulator  vertically.  This  was  needed  to  shorten  the  over- 
all length  and  to  accommodate  cables.  Cooling  fins  were  also 
added  as  a precaution,  because  of  the  anticipated  severe  tem- 
perature rise  in  the  pedestol. 

The  times  ten  multiplier  consists  of  a lumped-element 
low  pass  input  matching  structure,  matching  a single  chip,  high 
breakdown,  step  recovery  diode.  At  the  output,  the  diode  is 
transformer  coupled  to  a 3-pole  combine  filter. 

The  mechanical  configuration  of  Stage  3 provided  more 
difficult  problems.  Originally,  as  proposed,  the  times  four 
and  times  two  frequency  multipliers  were  to  be  integrated  as 


a single  unit.  However,  this  became  incompatible  with  the 
final  pedestol  design.  It  was  necessary  to  separate  the  two 


multipliers  hy  a short  length  of  semi-rigid  cable.  IlSie  power 
loss  and  added  VSWR  were  overcome,  however. 


The  times  four  utilizes  an  interdigital  filter  at  input 
and  output  with  a high  quality  step  recovery  diode  embedded  at 
the  center.  An  idler  is  also  provided  for  the  second  harmonic. 
Fins  were  also  added  as  its  only  source  of  cooling. 

3he  times  two  multiplier  is  a self-contained  unit  with  a 
coaocial  input  and  a waveguide  output.  An  ultra  high  cutoff 
gallium  arsenide  variactor  is  utilized.  The  cutoff  frequency 
of  the  output  waveguide  was  raised  to  filter  out  unwanted 
spurious.  An  attenuation  is  provided  at  the  output  to  turn  the 
power  from  the  10-15  mW  range  down  to  as  low  as  1 mW.  A wave- 
guide isolator  is  provided  at  the  output. 

2 .4  CONCLUSIONS 

The  major  accomplishment  of  the  first  L.O.  is  that  the 
power,  spurious,  switchability  and  mechanical  configuration 
were  achieved.  Stage  1,  Section  1,  however,  is  not  in  final 
mechanical  configuration.  This  was  an  important  objective  for 
the  second  L.O.  Also,  the  noise  performance  is  close  to  that 
proposed.  A graph  showing  the  specification,  the  predicted 
performance  from  the  proposal  and  measured  data  are  shewn  in 
Figure  14.  The  measured  results  are  approximately  equal  to  a 


* 

or  better  than  the  predicted  results  from  L~KHz  anri  greater 
from  the  carrier.  The  major  reason  for  this  is  that  a 5 **** 
crystal  filter  could  not  be  u;ed  at  the  input,  because  £t 
was  highly  susceptible  to  vibration  and  acoustically  coupled 
noise.  By  eliminating  this  filter,  the  predicted  and  resultant 
noise  performance  would  have  been  essentially  equivalents 
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3.0  Ka-BAND  VARACTOR  MULTIPLIER  CHAIN,  LOCAL  OSCILLATOR 
RDL  MODEL  NO.  M01K162 


3 . 1  OBJECTIVES 

« 

This  local  oscillator  is  identical  to  the  first  local 
oscillator,  model  number  M01K161  except  for  the  two  output 
frequencies  which  are  38.76  and  38.82  GHz.  The  requirement 
for  a second  local  oscillator  did  not  occur  until  after  the 
initial  contract  award.  Through  amendment  to  the  contract, 
the  government  requested  a change  in  frequency  of  the  first 
local  oscillator  and  the  additions  of  a second  local  oscillator 


at  new  frequencies. 

The  objectives  were,  therefore,  the  same  as  those  outlined 
in  paragraph  2.1  for  the  first  L.O.  with  the  additional  objective 
of  reducing  the  size  of  Stage  1,  Section  1. 


3.2  HISTORY 

The  history  surrounding  the  design  of  the  second  local 
oscillator  is  essentially  identical  to  that  of  the  first  local 
oscillator  and  is  described  in  detail  in  paragraph  2.2.  The 
second  L.O.  is  functionally  identical  to  the  second  with  the 


only  difference  being  the  frequencies. 
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A simplified  diagram  of  Method  1 is  shown  in  Figure  9 
and  is  the  straightforward  method  of  direct  multiplication. 

Thus,  any  F.M.  noise  or  close  in  spurious  from  the  Fluke 
645A  are  enhanced  by  57.7  dB  = 20  x log  768.  Since  a broad 
band  of  frequencies  is  required,  and  the  input  must  be  moved 
arbitrarily,  no  band limiting  circuits  may  be  provided  at  the 
output  of  the  Fluke  64 5A.  'Without  the  input  frequency  exactly 
determined,  the  location  and  amplitude  of  spurious  from  the 
Fluke  645A  are  virtually  unpredictable.  The  amplitude  of 
spurious,  however,  are  guaranteed  to  be  <-100  dB  from  the 
output.  When  multiplied  by  768,  the  possible  spurious  could 
be  as  high  as  —42  dB  relative  to  the  output.  Thus,  we  saw 
that  Method  1 would  not  meet  the  requirements  of  paragraph 
4. 1.1.5. 

The  F.M.  .noise  characteristics  of  the  transmitter 
exciter  (Method  1)  are  shown  in  Figure  10.  The  characteristics 
of  the  HP  5061A  cesium  beam  reference  are  shown.  The  HP5061A 
translated  to  the  output  of  the  Fluke  64 5A  are  shown,  and  finally, 
the  Fluke  645A  ■multiplied  to  37.4  GHz  are  shown.  From  the 
graph,  it  could  be  seen  that  Method  1 would  not  meet  the  noise 
requirements  of  paragraph  4. 1.1.6  from  20  Hz  to  approximately 
350  Hz.  However,  the  system  limitation,  again  as  with  the  L.O. 


■was  shown  to  be  the  HP5061A  reference. 
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However,  it  was  learned,  from  technical  inquiry  of  BEL*. 

that  it  is  desirable  to  obtain  a small  frequency  incrsnezxf 

of  2 Hz  or  less  at  the  Ka-Band  output.  The  smallest  frequency 

increment  available  from  the  Fluke  64 5A  is  .01  Hz.  rf 

were  multiplied  X 768  as  with  Method  1,  the  smallest  frequency 

increment  at  the  output  would  be  7.68  Hz,  which  is  too  great- 

Therefore,  a second  method  was  proposed.  A simplified  diagram 

of  Method  2 is  shown  in  Figure  11.  A mixer  has  been  added  to 

translate  the  Fluke  645A  directly  to  284.375  to  300.000  MHz. 

A high  level  Schottky  mixer  would  be  used  and  the  mixer  spurious 

level  for  the  minimum  bandwidth  required  by  paragraph  4.1_L_1 

is  anticipated  to  be  <-100  dB.  The  mixer  output  is  then 

multiplied  X 128  to  the  output.  Therefore,  the  spurious  level 

for  the  narrow  band  case  would  be  as  high  as  — 100  dB  + 43  dB  = 

57  dB.  For  the  wideband  case,  the  mixer  spurious  would  be  more 

numerous , whose  level  are  not  exactly  known  and  may  be  sub— 

• 

stantially  worse  than  -100  dB.  However,  for  Method  1,  the 
anticipated  spur,  level  at  the  output  was  as  bad  as  -42  dB  and 
we  believed  that  the  spurs  from  Method  2 would  be  as  good  or 
better.  Now  the  frequency  increment  is  .01  Hz  multiplied 
X 128  = 1.28  Hz  at  the  output  and  the  objective  has  been  met— 
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The  pump  signal  for  the  mixer  is  a 330  MHz  VCQ,  phase 
locked  to  the  5 MHz  reference  for  frequency  coherence.  ^ 
anticipated  noise  characteristics  of  Method  2 are  shown  in 
Figure  12.  The  HP5061A  reference  is  shown.  The  noise 
characteristics  of  the  Fluke  645A  at  45  MHz  and  the  330  MHz 
phase  locked  VCO  are  both  derived  from  the  5 MHz  reference 
and  are  shown  in  Figure  12.  Since  these  two  signals  are 
mixed,  it  is  apparent  that  the  noise  of  the  mixer  output  is 
then  multiplied  X 128  and  is  shown  in  Figure  12.  The  noise 
would  meet  the  -60  dB  specification  at  approximately  800  Hz 
from  the  carrier  and  does  not  get  substantially  better  m-rH  T 
10  KHz. 

We  thus  drew  the  following  conclusions.  Methods  1 and  2 
have  approximately  the  same  spurious  levels  at  the  output. 

The  noise  performance  of  Method  2 would  be  slightly  worse 
than  Method  1,  although  they  have  the  same  performance  close 
to  the  carrier.  Neither  would  meet  the  specification  close  to 
the  carrier  because  the  basic  limitation  is  the  HP5U61A 
reference.  Method  2,  however,  was  preferred  to  meet  the  require- 
ment of  small  frequency  increments  at  the  output. 
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A more  detailed  block  diagram  of  Method  2 is  shown  in 
Figure  13.  All  components  were  to  be  designed  with  the  intent 
of  meeting  all  of  the  design  goals  and  requirements  of  the 
RFP.  The  parameters  that  were  considered  to  be  design  goals 
are  outlined  in  paragraph  4. 1.1.1  and  4. 1.1. 2,  and  concern 
output  frequency  range  and  power. 

4 . 3 DEVELOPMENT 


Shortly  after  the  contract  award,  it  was  agreed  that  the 
transmitter  would  also  be  provided  in  a standard  instrument  case. 
This  was  done  in  the  interest  of  delivery.  In  this  case,  the 
mechanical  constraints  were  secondary  and  priority  was  placed 
on  electrical  performance. 

Two  major  changes  were  required  in  the  transmitter  chain 
during  development.  The  first  was  the  development  of  the  330  MHz 
phase  locked  VCO  used  as  a pump  for  the  mixer.  As  proposed,  the 
transistor  VCO  at  330  MHz  would  have  been  divided  down  to  and 
phase  compared  at  5 MHz.  Using  this  scheme,  various  combinations 
of  VCO,  loop  gain  and  loop  bandwidths  were  tried,  but  resulting 
in  inadequate  noise  performance.  The  scheme  was  then  replaced 
with  a phase-locked  5th  overtone  VCXO  at  110  MHz  multiplied 
times  3.  This  resulted  in  improved  noise  performance.  However, 
even  better  noise  performance  was  accomplished  using  a fun- 
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damental  VCXO  at  110/3 -MHz  multiplied  times  three  and  phase 
compared  at  110  MHz.  The  output  was  then  multiplied  tine*  . 
three  to  330  MHz. 

The  other  major  change  was  that  the  third  times  four 
multiplier  was  changed  to  two  times  two  multipliers.  •>*»«» 
change  was  made  after  difficulty  was  encountered  achieving 
the  combined  bandwidth  and  conversion  efficiency.  The  first 
double  utilizes  interdigital  filters  at  both  input  and  output 
and  a multichip  step  recovery  diode.  The  second  times  two 
multiplier  is  a crossed  waveguide  structure  utilizing  a very 
fast  step  recovery  diode  and  a waveguide  bandpass  filter  at  the 
output.  An  additional  isolator  was  added  between  them. 

Apart  from  these  changes , the  transmitter  was  developed 
as  proposed. 

4.4  CONCLUSIONS 

Most  of  the  electrical  requirements  of  the  specifications 
were  achieved.  The  design  goals  of  power  output  and  2 GHz  band- 
width were  not  fully  met.  However,  10  - 20  mW  over  a 1.6  GHz 
bandwidth  was  achieved,  which  was  sufficient  for  system  per- 
formance . 
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A graph  showing  the  specifications,  the  projected  noise 
' performance  and  the  measured  noise  performance  is  shown  in 
Figure  16.  The  measured  performance  is  better  them  the  pro- 
jected performance  of  frequencies  greater  than  200  Hz  from  the 
carrier,  but  worse  close  in.  The  measured  data  is  better  than 
the  specification  at  frequencies  greater  than  400  Hz  from 
the  carrier. 

The  final  block  diagram  showing  configuration,  power 
levels  and  frequencies  is  shown  in  Figure  28. 
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5-0  LOCAL  OSCILLATORS 


5.1  GENERAL  DESCRIPTION 

The  Local  Oscillator  units  (LO  1 and  LO  2)  are  functionally 
similar.  The  block  diagrams  (Figures  17  and  20  ) are  identical 
except  for  frequency  and  small  differences  in  power  levels  within 
the  system.  Local  oscillator  No.  1 (Figure  17  has  switch 
selectable  outputs  of  36060  or  36120  megahertz.  L.O.  No.  2 
(Figure  20)  has  selectable  outputs  at  38760  or  38820  megahertz. 
Each  L.O.  is  made  up  of  a pair  of  phase  locked  voltage  control 
crystal  oscillators,  a voltage  controlled  coaxial  cavity 
oscillator,  a two  stage  power  amplifier  and  three  cascaded 
(X10,  X4,  X2)  diode  multipliers. 

The  VCXO's  within  each  L.O.  are  phased  locked  to  an 
external  5 megahertz  reference  signal.  In  order  to  accomplish 
the  phase  comparison,  a common  frequency  factor  for  the  VCXO 
and  the  5 megahertz  reference  must  be  selected.  Phase  com- 
parison is  done  at  the  common  frequency  of  50  Kilohertz  for 
both  L.O.’s.  The  frequencies  of  30.5  and  30.1  for  the  first 
L.O.  requires  a division  of  601  or  602  while  the  second  L.O. 
VCXO’s  at  32.3  and  32.35  megahertz  are  divided  by  646  or  647 
respectively.  Control  of  the  counters  is  via  switches  on  the 
panel  of  each  unit.  A pair  of  switches  are  utilized  on  the 


first  L.O.  while  the  second  L.O . has  a single  toggle.  Hie 

switches  simultaneously  control  D.C.  power  to  the  VCXO‘s»  select- 

the  required  count  and  proper  R.F.  output.  - 

The  amplified  output  of  the  selected  VCXO  is  used  to 

divide  a step  recovery  diode  which  generates  a frequency 

spectrum  of  lines  spaced  at  frequency  intervals  equal  to 

the  VCXO  frequency.  Hie  15th  line  at  a nominal  frequency  of 

450  megahertz  is  applied  to  a balanced  phase  detector  along 

with  a small  amount  of  power  from  the  450  megahertz  voltage 

controlled  transister  cavity  oscillator.  The  resulting  phase 

detected  output  is  amplified,  filtered  and  coupled  to  a varactor 

diode  within  the  cavity  oscillator  to  control  the  cavity 

frequency.  The  signal  feedback  caused  the  cavity  to  shift 

frequency  until  no  frequency  or  phase  difference  exists.  At 

this  point  the  error  voltage  reduces  to  zero  and  no  further 

correction  occurs.  The  cavity  is  then  phase  locked  to  the  15th 

• 

harmonic  of  the  VCXO.  The  power  of  approximately  10  milliwatts 
is  then  amplified  by  a pair  of  cascaded  amplifiers  to  10  and 
25  watts  respectively.  The  25  watts  (minus  cable  loss)  at  450 
megahertz  is  applied  to  a times  10  multiplier  which  produces  a 
nominal  500  milliwatts  at  4.5  GHz.  Final  output  at  Ka-Band 
is  developed  by  a cascaded  X4  - X2  which  takes  the  4.5  GHz 
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input  signal  and  generates  approximately  10  milliwatts  of 
L.O.  power. 

An  interconnection  diagram  along  with  schematics  of  all 
-the  active  circuits  are  enclosed  with  this  report.  This  data 
is  supplied  to  aid  in  understanding  the  system.  If  difficulty 
is  encountered  during  operation  of  the  equipment,  the  matter 

9 

should  be  referred  to  RDL. 


5.2  L.O.  OPERATION 

The  L.O.'s  are  provided  with  two  functional  switches: 

1 ) D . C . Power 

\ ; 

2)  Frequency  Select 

To  place  either  L.O.  1 or  L.O.  2 in  operation  requires  only 
external  + 28  VDC  and  5 megahertz  reference. 

The  L.O. 's  are  packaged  into  five  interconnected  units 
which  are: 

1)  Phase  Lock  Circuits 

l 

2)  Power  Amplifiers 

3)  X10  Multiplier 

4)  X4  Multiplier 


5)  X2  Multiplier 


r 


( 


5.2.1  LOCAL  OSCILLATOR  No.  1 

The  phase  lock  circuits  are  all  contained  within 
the  rack  mountable  instrument  type  enclosure.  An  external 
28  VDC  must  be  connected  to  power  terminals  located  at  the 
rear  of  the  enclosure.  The  5 megahertz  reference  channel 
input  is  also  located  on  the  back  panel.  The  reference  level 
•must  be  4 milliwatts.  The  external  amplifiers  and  multipliers 
should  be  connected  with  cables  having  a loss  value  equal  to 
that  shown  in  Figure  17. 

Frequency  selection  is  designated  as  high  or  low 
and  refers  to  the  output  frequencies  of  36060  or  36120 
megahertz.  Selection  is  done  by  throwing  the  pair  (both 
must  be  thrown)  of  toggle  switches  on  the  front  panel  of 
the  phase  lock  box. 

. Input  Requirement  L.O.  1 
D.C.  Power  + 28  VDC  at  3.6  amp 

Signal  5 MHz  at  4 milliwatts 


5.2.2 


LOCAL  OSCILLATOR  NO.  2 


The  phase  lock  circuits  are  all  housed  within  a 
6x9x3  inch  box.  The  inputs/outputs  and  controls  all 
located  along  the  bottom  front  section  just  below  the  heat 
.sink  fin  structure.  The  5 megahertz  reference  input  and  the 
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450  megahertz  output  appear  on  the  designated  BNC  connectors. 
The  external  power  amplifier  and  multipliers  should  be  inter- 
connected with  cables  having  the  losses  called  out  on 


Figure  20.  Frequency  selection  and  D.C.  power  are  controlled 
by  a center-off  toggle  switch.  Placing  the  switch  position 
on  either  side  of  center,  designation  high  or  low  causes 
the  L.O.  to  output  frequencies  of  38760  or  38820  megahertz. 

Input  Requirement  L.O.  2 


D.C.  Power 


+ 28  VDC  at  4. 3. amp 


Signal 


5 MHz  at  4 milliwatts 


6.0  GENERAL  DESCRIPTION  TRANSMITTER  — 

The  NRL  transmitter  unit  (Figure  28)  is  made  up  of  an 
externally  stabilized  very  low  noise  frequency  translator 
followed  by  a chain  of  frequency  multipliers.  The  inputs  to 
the  system  are  a fixed  5 megahertz  and  a variable  30  megahertz 
tuneable  over  a range  of  7%.  The  output  between  10  and  20 
milliwatts  is  developed  at  36.6  to  38.2  6 Hz  by  a X144  multi- 
plier. The  5 megahertz  signal  is  used  to  phase  lock  a VCXD 
operating  at  one-ninth  the  translation  mixer  input  frequency 
of  330  megaherts . 

The  circuits  within  units  1,  2,  and  3 generate  the 
required  low  noise  drive  tc  the  up  connecter  mixer.  The 
primary  reference  for  the  system  is  the  externally  supplied 
5 megahertz  signal.  The  reference  is  applied  to  a cascaded 
pair  of  multipliers  to  give  a higher  frequency  reference  at 

110  megahertz.  A very  lew  noise  voltage  controlled  crystal 

• 

oscillator  operating  in  the  fundamental  mode  at  36.666667 
megahertz  is  used  to  develop  the  drive  for  the  cascaded  X3  - X3 
multipliers.  Output  of  the  first  times  3 at  110  megahertz  is 
phase  compared  with  the  high  frequency  reference  to  generate 
the  required  error  signals  to  control  the  VCXO.  The  filter 
parameters  are  carefully  set  to  guarantee  the  noise  performance 
of  the  transmitter.  The  second  X3  multiplier  at  330  megahertz 
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drives  the  frequency  translator.  Each  unit  has  been 
assembled  with  multipole  filters  to  prevent  the  propagation 
of  signal  spurious.  The  lower  sideband  output  of  the  mixer 
at  nominal  300  megahertz  provides  the  drive  signal  for  the 
multiplier.  The  output  of  the  mixer  is  a very  low  level  signal  of 


80  microwatts.  A cascade  of  three  amplifiers  boosts  the  drive, 
power  for  the  multipliers  to  approximately  20  watts.  The 
frequencies  and  nominal  power  at  each  functional  interface  is 
given  in  Figure  28.  The  transmitter  is  completely  contained 
within  a 19  inch  rack  mountable  instrument  case. 

A component  location  plan  is  given  in  Figure  29 . Each 
subassembly  is  coded  with  a number  which  identifies  the  location 
within  the  enclosure.  The  same  number  is  called  out  on  the 
block  diagram  and  where  appropriate  on  the  schematic  associated 
with  the  modules.  The  information  is  provided  to  facilitate 

i a 

unclprqtanri  ina  of  and  -Pot  mainfonan^o  & . 

In  the  event  frequencies  or  powers  are  not  at  the  levels 
assigned,  the  units  should  be  referred  to  RDL  for  correction. 


6 . 1 OPERATION  TRANSMITTER 

The  transmitter  has  no  operational  controls.  A D.C. 
power  switch  located  on  the  front  panel  provides  a local 
on/off  function.  All  inputs  and  outputs  are  located  at. 
the  rear  of  the  enclosure.  Input  signals  are  via  BNC 
connectors;  D.C.  power  on  banana  jacks  while  the  PF  outlet 
at  Ka  is  WR28  waveguide. 


To  place  the  system  on  the  air  the  following  inputs  and 
levels  must  be  provided: 


D.C.  Power 


1 +28  VDC  at  2.5  amps 

2 - 5 VDC  at  .019  amps 


Signals 


1 5 MHz  at  4 mw  into  50  -n. 

2 30  MHz  (nominal)  at  4 mw  into  50  n. 

3 control,  TTL  levels 

When  the  above  inputs  are  supplied  the  transmitter  is 


made  fully  operational  by  placing  the  D.C.  power  switch  on. 
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